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(54) SEPARATING PLATE, METHOD FOR MANUFACTURING SAME, AND FUEL CELL STACK
COMPRISING SAME

(67)  The present invention relates to a separating
plate, a method for manufacturing the same, and a fuel

ular to the first direction, wherein the plurality of riblet
elements, which connect side walls of two adjacent chan-

cell stack comprising the same. An aspect of the present
invention provides a separating plate comprising: a plu-
rality of channels extending in elongated shapes along
a first direction, respectively; and a plurality of riblet ele-
ments provided to connect side walls of two adjacent
channels along a second direction, which is perpendic-

nels, are spaced by a predetermined interval along the
first direction, and a separating plate, which is provided
with a first opening, is provided between two riblet ele-
ments, which are adjacent to each other along the first
direction.
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Description
Technical Field

[0001] The present invention relates to a separating
plate, a method for manufacturing the same, and a fuel
cell stack comprising the same.

[0002] The presentapplication claims the benefit of pri-
ority based on Korean Patent Application No.
10-2015-0094967 filed on July 3, 2015 and Korean Pat-
ent Application No. 10-2016-0082317 filed on June 30,
2016, the disclosures of which are incorporated herein
by reference in their entireties.

Background Art

[0003] Generally, a fuel cell is an energy conversion
device that generates electrical energy through an elec-
trochemical reaction between a fuel and an oxidizer and
has an advantage that electric power can be consistently
generated as long as the fuel is continuously supplied.
[0004] A polymer electrolyte membrane fuel cell (PEM-
FC), which uses a polymer membrane capable of per-
meating hydrogen ions as an electrolyte, has a low op-
erating temperature of about 100°C or less as compared
to other types of fuel cells, and has advantages of high
energy conversion efficiency, high outputdensity and fast
response characteristics. Besides, since it can be mini-
aturized, it can be provided as portable, vehicle and
household power supplies.

[0005] The polymer electrolyte membrane fuel cell
stack comprises amembrane-electrode assembly (MEA)
having an electrode layer formed by applying an anode
and a cathode, respectively, around an electrolyte mem-
brane composed of a polymer material, a gas diffusion
layer (GDL) for serving to distribute reaction gases evenly
over the entire reaction region and to transfer the elec-
trons generated by the oxidation reaction of the anode
electrode toward the cathode electrode, a separating
plate (bipolar plate) for supplying reaction gases to the
gas diffusion layer and discharging the water generated
by the electrochemical reaction outside, and a gasket of
rubber materials with elasticity for preventing leakage of
the reaction gases and the cooling water by being dis-
posed on the outer circumference of the reaction region
in the separating plate or the membrane-electrode as-
sembly.

[0006] Conventional separating plates for a fuel cell
stack are configured such that the flows of the reaction
gas and the resulting water travel in the same direction
through two-dimensional channels or are distributed and
discharged through intersecting three-dimensional solid
shapes. However, they have a structure that is not suit-
able for efficiently discharging a variable amount of water
under various operation conditions, thereby having a
problem of deteriorating the performance of the fuel cell
stack.
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Disclosure
Technical Problem

[0007] Itis an object of the presentinvention to provide
a separating plate capable of promoting mass transfer
of a reaction gas in a fuel cell reaction surface through
laminar-turbulent transition flows and drag minimization
of fluids by applying riblet elements, a method for man-
ufacturing the same, and a fuel cell stack comprising the
same.

[0008] In addition, it is another object of the present
invention to provide a separating plate capable ofimprov-
ing heat and mass transfer characteristics, a method for
manufacturing the same, and a fuel cell stack comprising
the same.

[0009] Furthermore, it is another object of the present
invention to provide a separating plate capable of effec-
tively discharging condensed water, a method for man-
ufacturing the same, and a fuel cell stack comprising the
same.

Technical Solution

[0010] To solve the above-described objects, accord-
ing to one aspect of the present invention, there is pro-
vided a separating plate comprising: a plurality of chan-
nels extending in elongated shapes along afirstdirection,
respectively; and a plurality of riblet elements provided
to connect side walls of two adjacent channels along a
second direction orthogonal to the first direction.

[0011] In addition, the plurality of riblet elements con-
necting side walls of two adjacent channels are spaced
apart at a predetermined interval along the first direction
and first openings are provided between two adjacent
riblet elements along the first direction.

[0012] Furthermore, the riblet elements are provided
so as to have a parallelogram shape.

[0013] Also, two adjacent riblet elements along the
second direction are provided so as to have a symmetric
or antisymmetric shape on the basis of the channel.
[0014] In addition, the width of the riblet element along
the second direction may be formed larger than the width
of the channel.

[0015] Furthermore, the first openings may be provid-
ed to have a parallelogram shape.

[0016] Also, the first openings may be provided such
that each of a pair of long opposite sides is inclined with
respect to the first direction and the second direction.
[0017] Inaddition, the riblet elements may be provided
such that each of a pair of long opposite sides is inclined
with respect to the first direction and the second direction.
[0018] Furthermore, the length of the riblet element
along the first direction may be formed longer than the
length of the first opening.

[0019] Also, second openings connected to the first
openings and formed in the side walls of the channels
may be provided.
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[0020] Inaddition, the second opening may have a par-
allelogram shape.

[0021] Furthermore, accordingtoanotheraspectofthe
presentinvention, there is provided a fuel cell stack com-
prising: a membrane-electrode assembly; a gas diffusion
layer provided on one side of the membrane-electrode
assembly; and a separating plate provided to contact the
gas diffusion layer in some areas.

[0022] Here, the separating plate comprises a plurality
of channels extending in elongated shapes along a first
direction, respectively; and a plurality of riblet elements
provided to connect side walls of two adjacent channels
along a second direction orthogonal to the first direction
and disposed to contact the gas diffusion layer.

[0023] In addition, the plurality of riblet elements con-
necting the sidewalls of two adjacent channels are
spaced apart at a predetermined interval along the first
direction, where first openings are provided between two
adjacentriblet elements along the first direction and sec-
ond openings connected to the first openings are provid-
ed in the side walls of the channels.

[0024] Furthermore, the riblet elements are provided
to have a parallelogram shape, where two adjacent riblet
elements along the second direction are provided to have
a symmetric or an antisymmetric shape on the basis of
the channel.

[0025] Also, according to still another aspect of the
present invention, there is provided a method for manu-
facturing a separating plate, comprising steps of: forming
a pair of opening patterns having a symmetric or antisym-
metric shape on a plate along its length direction; and
stamping the plate along its length direction so that riblet
elements corresponding to the opening pattern areas and
channels corresponding to the areas adjacent to the
opening patterns have a stepped structure.

[0026] Here, the openings are provided to have a par-
allelogram shape.

[0027] Furthermore, the opening pattern may be
formed through etching or punching.

Advantageous Effects

[0028] As described above, the separating plate, the
method for manufacturing the same and the fuel cell stack
comprising the same, related to one embodiment of the
present invention, have the following effects.

[0029] Itis possible to efficiently distribute the gas flow
and the liquid (e.g., water) flow in the separating plate
and to optimize the gas flow and the liquid (e.g., water)
flow in the separating plate. Particularly, the condensed
water can be prevented from accumulating in the sepa-
rating plate, and the condensed water can be effectively
discharged by the convection flow and the bending flow
path at the upper end of the riblet elements.

[0030] In addition, heat and mass transfer character-
istics can be improved through laminar-turbulent flow
transition, vortex formation and turbulent boundary layer
disturbance induction. Particularly, a vortex can be
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formed by the wall surface collision of the fluid passing
through the reaction gas flow path having a parallelogram
shape, and the heat/mass transfer can be promoted and
the discharge of the condensed water at the upper end
of the riblet elements can be induced, by the double dif-
fusion convection effect of the reaction gas.

[0031] Furthermore, the manufacturing cost and the
manufacturing time of the separating plate can be re-
duced.

Brief Description of Drawings
[0032]

Figure 1 is a top view of a separating plate related
to one embodiment of the present invention.

Figure 2 is a perspective view of the separating plate
shown in Figure 1.

Figure 3 is a cross-sectional view of a fuel cell stack
related to one embodiment of the present invention.

Figure 4 is a perspective view for explaining the flow
of water in the separating plate constituting the fuel
cell stack.

Figure 5 is a perspective view for explaining the flow
of gas in the separating plate constituting the fuel
cell stack.

Figure 6 is a simulation result for explaining vortex
formation at the upper end of the riblet elements.

Figures 7 and 8 are top views of a plate for explaining
a method for manufacturing a separating plate.

Mode for Invention

[0033] Hereinafter, the separating plate according to
one embodiment of the presentinvention, the method for
manufacturing the same, and the fuel cell stack compris-
ing the same will be described in detail with reference to
the accompanying drawings.

[0034] In addition, the same or similar reference nu-
merals are given to the same or corresponding compo-
nents regardless of reference numerals, of which redun-
dant explanations will be omitted, and for convenience
of explanation, the size and shape of each constituent
member as shown may be exaggerated or reduced.
[0035] Figure 1is atop view of a separating plate (100)
related to one embodiment of the present invention, Fig-
ure 2 is a perspective view of the separating plate (100)
shown in Figure 1, and Figure 3 is a cross-sectional view
of a fuel cell stack related to one embodiment of the
present invention.

[0036] Figure4is a perspective view for explaining the
flow of water (blue arrow) in the separating plate (100)
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constituting the fuel cell stack, Figure 5 is a perspective
view for explaining the flow of gas (red arrow) in the sep-
arating plate (100) constituting the fuel cell stack, and
Figure 6 is a simulation result for explaining vortex for-
mation at the upper end of the riblet elements.

[0037] A fuel cell stack (1) related to one embodiment
of the present invention comprises a membrane-elec-
trode assembly (10) and a gas diffusion layer (20) pro-
vided on one side of the membrane-electrode assembly
(10), and a separating plate (100). The separating plate
(100) is disposed so as to contact the gas diffusion layer
(20) in some areas.

[0038] The separating plate (100) related to one em-
bodiment of the present invention comprises a plurality
of channels (110) extending in elongated shapes along
a first direction (x-axis direction or length direction), re-
spectively, and a plurality of riblet elements (120) provid-
ed to connect side walls (112) of two adjacent channels
(110) along a second direction (y-axis direction or width
direction) orthogonal to the first direction. The channel
(110) has a structure opened toward the riblet element
(120). The channel (110) comprises a bottom portion
(111) and side walls (112). The bottom portion (111) and
each side wall (112) may be provided to be orthogonal
to each other. Also, the bottom portion (111) of the chan-
nel (110) and the riblet elements (120) may be provided
in parallel.

[0039] A plurality of riblet elements (120) connecting
the side walls (112) of two adjacent channels (110) are
spaced apart at a predetermined interval along a first
direction and first openings (130) are provided between
two adjacent riblet elements (120) along the first direc-
tion.

[0040] Here, the width (V1) of the riblet element (120)
along the second direction can be formed larger than the
width (V2) of the channel (110), and the condensed water
can be prevented from accumulating by this structure.
The first opening (130) may have various shapes, for
example, a circular, elliptical, or polygonal shape. In one
embodiment, the first openings (130) may be provided
to have a parallelogram shape. Specifically, the first
openings (130) may be provided such that each of a pair
of long opposite sides is inclined with respect to the first
direction and the second direction.

[0041] Furthermore, the riblet element (120) may have
a shape determined by the shape of the adjacent first
openings (130). In one embodiment, the riblet element
(120) can have a polygonal shape, and specifically, the
riblet elements (120) can be provided to have a parallel-
ogram shape, where the riblet elements (120) can be
provided so that each of a pair of long opposite sides is
inclined with respect to the first direction and the second
direction.

[0042] The length (H2) of the riblet elements (120)
along the first direction may be formed longer than the
length (H1) of the first openings (130).

[0043] In addition, two adjacent riblet elements (120)
along the second direction may be provided so as to have
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asymmetric shape on the basis of the channel (110) (first
direction). Also, second openings (140) connected to the
first openings (130) may be provided in the side wall (112)
area of the channels (110). The second opening (140)
may have various shapes and may have, for example, a
circular, elliptical, or polygonal shape. In one embodi-
ment, the second opening (140) may have a parallelo-
gram shape.

[0044] As described above, the openings provided be-
tween the riblet elements (120) may be referred to as
first openings (130), and the openings provided on side
walls of the channels may be referred to as second open-
ings (140). Specifically, a plurality of riblet elements (120)
connecting the side walls (112) of two adjacent channels
(110) are spaced apart at a predetermined interval along
the first direction, the first openings (130) are provided
between two adjacent elements (120) along the first di-
rection and second openings (140) connected to the first
openings are provided in side walls (112) of the channels
(110).

[0045] Inaddition, afuel orareaction gas (also referred
to as 'gas’) may be supplied to flow through the second
openings (140) along the second direction of the sepa-
rating plate (100). In this case, the gas may flow along
the second openings (140) formed in the side walls of
the channels (110). As the riblet element (120) has a
parallelogram shape, the adjacent second openings
(140) along the second direction can form a bending
(wave-like) flow path without forming a straight flow path.
[0046] Referring to Figure 6, it can be confirmed that
a vortex is formed due to the wall surface collision of the
fluid passing through the reaction gas flow path of the
parallelogram shape, and through such a structure, the
heat/mass transfer can be promoted and the discharge
of the condensed water at the upper end of the riblet
elements (120) can be induced, by the double diffusion
convection effect of the reaction gas.

[0047] The separating plate (100) may also be dis-
posed, so that the riblet elements (120) contact the gas
diffusion layer (20) and so that in a state where the sep-
arating plate (100) is turned upside down, the channels
(110) contact the gas diffusion layer (20). The separating
plate (100) having the same structure can be disposed
in the forward or backward direction with respect to the
gas diffusion layer (20).

[0048] When the riblet elements (120) have been dis-
posed to contact the gas diffusion layer (20), the sepa-
rating plate (100) comprises a plurality of channels (110)
extending in elongated shapes along the first direction,
respectively, and a plurality of riblet elements (120) pro-
vided to connect the side walls of two adjacent channels
along the second direction orthogonal to the first direction
and disposed to contact the gas diffusion layer (20). Here,
the plurality of riblet elements (120) connecting side walls
(112) of two adjacent channels (110) are spaced apart
at a predetermined interval along the first direction, first
openings (120) are provided between two adjacent riblet
elements (120) and second openings (140) connected
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to the first openings (130) are provided in the side walls
(112) of the channels (110). That is, the channels (110)
are disposed to open toward the gas diffusion layer (20),
and the bottom portion (111) of the channel (110) is
spaced from the gas diffusion layer (20).

[0049] When the channels (110) have been disposed
to contact the gas diffusion layer (20), the separating
plate (100) comprises a plurality of channels (110) ex-
tending in elongated shapes along the first direction, re-
spectively, and provided to contact the gas diffusion layer
(20), and a plurality of riblet elements (120) provided to
connect the side walls of two adjacent channels (110)
along the second direction orthogonal to the first direction
and to be spaced apart from the gas diffusion layer (20).
Specifically, the separating plate (100) is disposed so
that the bottom portion (111) of the channel (110) con-
tacts the gas diffusion layer (20). In addition, the plurality
of riblet elements (120) connecting the side walls of two
adjacent channels (110) are spaced apart at a predeter-
mined interval along the first direction, first openings
(130) are provided between two adjacent riblet elements
(120) along the firstdirection, and second openings (140)
connected to the first openings (130) are provided in the
side walls (112) of the channels (110).

[0050] Figures 7 and 8 are top views of a plate (200)
for explaining the method for manufacturing a separating
plate. The plate (200) may be a metal/carbon-based thin
plate. At this time, as the plate (200) for pattern process-
ing, metal sheets, graphite foil/sheets, metal wire mesh,
expanded metal lath, and the like can be widely used.
[0051] The method for manufacturing a separating
plate comprises a step of forming a pair of opening (210)
patterns having a symmetric shape, on a plate (200)
alongits length direction (see Figure 7). The pair of open-
ings (210) is spaced apart by a predetermined interval,
and the area between them is formed by the above-de-
scribed channels (110). The term opening (210) pattern
means that the plurality of openings (210) are arranged
to have a certain rule. The openings (210) in Figure 7
may correspond to the first and second openings (130,
140) of the separating plate (100). On the other hand,
the openings (210) may have a circular, elliptical or po-
lygonal shape (e.g., a parallelogram shape). The opening
(210) pattern may be formed through etching or punch-
ing.

[0052] Referring to Figure 8, the manufacturing meth-
od comprises a step of stamping the plate along its length
direction so that riblet elements (120, see Figure 1) cor-
responding to the opening (210) pattern areas and chan-
nels (110, see Figure 1) corresponding to the areas ad-
jacenttothe opening patterns (210) have a stepped struc-
ture.

[0053] Asin Figure 7, 2D flow paths may be formed in
the plate by forming an opening pattern through an etch-
ing or punching process and the separating plate (100)
may be molded to have a final 3D riblet shape through a
stamping process. Particularly, in the stamping process,
as the shape of the simple linear molding flow path is
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applied, the manufacturing cost of the mold can be re-
duced, the influence of the sensitivity of the mold manu-
facturing tolerance can be minimized, and the degree of
molding difficulty can be lowered.

[0054] Particularly, in the conventional method for
manufacturing a separating plate, a production period of
at least 2 to 3 months is required for mold production and
molding, but according to the manufacturing method re-
lated to the present invention, production can be per-
formed within about two weeks, whereby the manufac-
turing time and the manufacturing cost can be reduced
by 50% or more, relative to the conventional art.

[0055] The preferred examples of the present inven-
tion as described above are disclosed for illustrative pur-
poses, which can be modified, changed and added within
thought and scope of the present invention by those
skilled in the art and it will be considered that such mod-
ification, change and addition fall within the following
claims.

Industrial Applicability

[0056] According to the presentinvention, itis possible
to efficiently distribute the gas flow and the liquid (e.g.,
water) flow in the separating plate and to optimize the
gas flow and the liquid (e.g., water) flow in the separating
plate. Particularly, the condensed water can be prevent-
ed from accumulating in the separating plate, and the
condensed water can be effectively discharged by the
convection flow and the bending flow path at the upper
end of the riblet elements.

Claims

1. A separating plate comprising
aplurality of channels extendingin elongated shapes
along a first direction, respectively; and
a plurality of riblet elements provided to connect side
walls of two adjacent channels along a second di-
rection orthogonal to the first direction,
wherein the plurality of riblet elements connecting
side walls of two adjacent channels are spaced apart
at a predetermined interval along the first direction
and first openings are provided between two adja-
cent riblet elements along the first direction,
the riblet elements are provided to have a parallelo-
gram shape, and
the two adjacent riblet elements along the second
direction are provided to have a symmetric or an-
tisymmetric shape on the basis of the channel.

2. The separating plate according to claim 1,
wherein the width of the riblet element along the sec-
ond direction is formed larger than the width of the
channel.

3. The separating plate according to claim 1,
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wherein the first openings are provided to have a
parallelogram shape.

The separating plate according to claim 3,

wherein the first openings are provided such that
each of a pair of long opposite sides is inclined with
respect to the first direction and the second direction.

The separating plate according to claim 1,

wherein the riblet elements are provided such that
each of a pair of long opposite sides is inclined with
respect to the first direction and the second direction.

The separating plate according to claim 1,

wherein the length of the riblet element along the
first direction is formed longer than the length of the
first opening.

The separating plate according to claim 1,

wherein second openings connected to the first
openings and formed on the side walls of the chan-
nels are provided.

The separating plate according to claim 7,
wherein the second opening has a parallelogram
shape.

A fuel cell stack comprising

a membrane-electrode assembly;

a gas diffusion layer provided on one side of the
membrane-electrode assembly; and a separating
plate provided to contact the gas diffusion layer in
some areas,

wherein said separating plate comprises a plurality
of channels extending in elongated shapes along a
first direction, respectively, and a plurality of riblet
elements provided to connect side walls of two ad-
jacent channels along a second direction orthogonal
to the first direction and disposed to contact the gas
diffusion layer, and

wherein the plurality of riblet elements connecting
side walls of two adjacent channels are spaced apart
at a predetermined interval along the first direction
and first openings are provided between two adja-
centriblet elements along the first direction, and sec-
ond openings connected to the first openings are
provided in the side walls of the channels,

the riblet elements are provided to have a parallelo-
gram shape, and

the two adjacent riblet elements along the second
direction are provided to have a symmetric or an-
tisymmetric shape on the basis of the channel.

The fuel cell stack according to claim 9,

wherein the width of the riblet element along the sec-
ond direction is formed larger than the width of the
channel.
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1.

12.

13.

14.

15.

16.

17.

The fuel cell stack according to claim 9,

wherein the first openings are provided to have a
parallelogram shape and the first openings are pro-
vided such that each of a pair of long opposite sides
is inclined with respect to the first direction and the
second direction.

The fuel cell stack according to claim 9,

wherein the riblet elements are provided such that
each of a pair of long opposite sides is inclined with
respectto the first direction and the second direction.

The fuel cell stack according to claim 9,

wherein the length of the riblet element along the
first direction is formed longer than the length of the
first opening.

The fuel cell stack according to claim 9,
wherein the second openings are provided to have
a parallelogram shape.

The fuel cell stack according to claim 9,

wherein a fuel or a reaction gas is supplied to flow
through the second openings along the second di-
rection of the separating plate.

A method for manufacturing a separating plate com-
prising steps of:

forming a pair of opening patterns having a sym-
metric or antisymmetric shape on a plate along
its length direction; and

stamping the plate along its length direction so
that riblet elements corresponding to the open-
ing pattern areas and channels corresponding
to the areas adjacent to the opening patterns
have a stepped structure,

wherein said openings are provided to have a
parallelogram shape.

The method for manufacturing a separating plate ac-
cording to claim 16,

wherein the opening pattern is formed through etch-
ing or punching.
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